Abstract Forest biomass has been having an increasing importance in the world economy and in the evaluation of the forests development and monitoring. The main goal of this study is the development of functions for the estimation of aboveground biomass, using crown cover as independent variable, for Quercus rotundifolia, Quercus suber and Pinus pinea in agroforestry systems, both for monospecies and multispecies stands, based on Portuguese data. Crown cover per specie was derived from crown horizontal projection obtained by processing very high spatial resolution satellite images (Quickbird and Worldview-2), with contrast split segmentation method and object-oriented classification. The stand species composition distinguished species and monospecies from multispecies stands. The best model was the one with crown cover and dummy variables for composition as explanatory variables, reflecting the differences between species and stand structure. Aboveground biomass with this function should ideally be calculated with the grid areas applied in this study, though similar accuracies can be obtained for other grid sizes.
Introduction
Agroforestry systems are recognised for their importance in biomass production, both carbon sequestration (in vegetation and soil) and as a source of biomass for energy (Jose and Bardhan 2012) . These systems enhance the production perpetuity and sustainability (Nerlich et al. 2013; Eichhorn et al. 2006; Jose et al. 2004) . In Europe holm oak (Quercus rotundifolia Lam.) and umbrella pine (Pinus pinea L.) were identified as target species for agroforestry systems (Reisner et al. 2007 ). In addition, these systems have high potential for carbon sequestration, both above and belowground, with a significant proportion in the aboveground biomass (Jose and Bardhan 2012) . In Portugal and Spain the most representative agroforestry system is Montado/Dehesa, composed of cork oak (Quercus suber L.) and holm oak (Nerlich et al. 2013; Eichhorn et al. 2006) . Cork oak, holm oak and umbrella pine are native of the Mediterranean basin. These forest species are typical of multiple use systems, the stands have low density, characterised by open heterogeneous canopies, both in monospecies and multispecies stands of holm and cork oak, and of cork oak and umbrella pine. Their main productions are bark (the first) and fruit (all), frequently associated with extensive grazing. According to the Portuguese National Forest Inventory cork oak, holm oak and umbrella pine stands account for 22.5, 13.7 and 4% of the forest area, respectively (IFN5 2010).
The ecosystems variability and resilience can be assessed, indirectly, by biomass dynamics in space and time (Eisfelder et al. 2012) . In recent years, the development of sensors with increased spatial resolutions, the deployment of satellites with better temporal resolutions, and the new methods and techniques to generate data, particularly crown cover (Ke and Quackenbush 2011; McRoberts et al. 2010) , enhanced the use of remotely sensed data from satellite images in National Forest Inventories. It also enables, in a geographic information system (GIS) environment, mapping composition and crown cover of forests and area calculation. These maps can serve as a support to delineate stratified sampling of forest inventory field plots that can increase precision and reduce costs (McRoberts et al. 2010) .
The most accurate indirect method, with data from inventory field plots, to estimate biomass are the allometric functions at tree level (Lu et al. 2016; Greenberg et al. 2005) . These functions are specie specific and site specific. Most of them use diameter at breast height and/or total height as independent variables. In literature many biomass functions can be found (Rathore et al. 2018; Brahma et al. 2017; Tumwebaze et al. 2013; Zianis et al. 2005; Jenkins et al. 2003; Eamus et al. 2000; Keith et al. 2000; TerMikaelian and Korzukhim 1997) . Nonetheless, Zianis et al. (2005) referred that few were found for the Mediterranean species; Nair (2012) reported that few exist for agroforestry systems and the use of general equations or large scale estimators can originate inaccurate results; and Jose and Bardhan 2012 stress the importance of the development of specie specific biomass functions for tree species in agroforestry systems. From 2005 onwards several functions were published for the Mediterranean species (e.g., Cutini et al. 2013; Ruiz-Peinado et al. 2011; Tabacchi et al. 2011; Correia et al. 2010; Cutini et al. 2009; Correia et al. 2008; Paulo and Tomé 2006) . The biomass per tree is usually calculated for forest inventory plots, associated to extrapolation methods for its assessment for a given area, p. e. stand, management unit or region (e.g., Arias et al. 2011; Djomo et al. 2010; Correia et al. 2008; Miksys et al. 2007; Fehrmann and Kleinn 2006; Paulo and Tomé 2006; Nordh and Verwijst 2004; Padrón and Navarro 2004; Regina 2000) .
Above ground biomass per hectare, calculated with field inventory data, has been used as dependent variable and remotely sensed data, e.g. crown cover, as the independent variable to develop biomass functions. Several advantages can be pointed out: (1) the possibility to estimate biomass for small and large areas (Lu et al. 2016; Eisfelder et al. 2012; Greenberg et al. 2005) , especially important in forest systems where inventory field work is difficult to accomplish due to topography, climate and/or forest structure (McRoberts et al. 2010 ) or when such a very large number of field plots are needed that make their costs prohibitive (Lu et al. 2016) ; (2) collecting data in short time cycles, enabling the analyses of time series (Eisfelder et al. 2012 ), which are not feasible with ground plot data for cycles shorter than those of the National Forest Inventory (5 or 10 years) due to labour and costs involved (McRoberts et al. 2010); and (3) collecting data at different scales, from global to local, associated to imagery spatial resolution (Lu et al. 2016; Eisfelder et al. 2012) . Biomass functions with remote sensing data were developed mainly for boreal and tropical forests and fewer studies were found for semi-arid regions (Eisfelder et al. 2012) . Several authors refer that many techniques have been used to develop biomass functions with remote sensing data (e.g., Dube et al. 2018; Ploton et al. 2017; Xiliang et al. 2017) . According to Lu et al. (2016) the most common of which being simple or multiple regression.
In this study two very high spatial resolution satellite images with different resolutions were used. A square grid multiple of the satellite image resolution was applied to each image (4225 pixels per grid for QuickBird and 8100 pixels per grid for WorldView-2).
Crown horizontal projection derived from the vegetation mask was calculated per grid. Crown cover per grid was computed as the percent of crown horizontal projection in relation to grid area. Their values in percentage were chosen as it the most frequently used to present crown cover, both for forest inventory and for research plots, and in agroforestry systems is an absolute density measure to evaluate the forest stands. Crown size either crown area or radii or diameter could be used as independent variable. However, though many trees are isolated others appear in clusters thus not enabling to determine their dimensions with remote sensing methods. Conversely, crown cover is a measure that evaluates crown on an area basis making unnecessary to determine the crown dimensions of individual trees. In addition, there seems to be a link between stand structure and the type of functions used for the predictions. For one layered or without crown closure stands the linear functions are suited (e.g. Carreiras et al. 2006 ) while for multilayered stands non-linear functions should be used (e.g. Thenkabail et al. 2004) . In multispecies stands aboveground biomass can be estimated with crown cover regardless the tree species composition or considering it. In the first case accuracy is expected to decrease with the increase of the variability between above ground biomass and crown cover per specie. On the other hand, crown cover per specie can be used though it implies high accuracy in the image classification. Alternatively, stand composition can be determined by the identification of the trees species in the stand. The main goal of this study is the development of functions to estimate aboveground biomass for monospecies and multispecies stands of cork oak, holm oak and umbrella pine, with crown cover as independent variable. Two approaches were considered in what regards the tree species composition: (1) was not differentiated and (2) included in the function as dummy variables or as crown cover per specie. Estimates of aboveground biomass were compared varying grid area in order to understand for which these the fitted functions could be used with the same performance.
Materials and methods

Satellite images and inventory data
Two images (Fig. 1) , one from the QuickBird and one from WorldView-2 satellites, were acquired as 4-band products, with the panchromatic and multispectral bands pan-sharpened with the UNB algorithm (Zhang and Mishra 2013 (2006) and that from the field survey (2011) was accessed comparing the latter with eleven plots of Q. rotundifolia of the National Forest Inventory (IFN5 2010) measured in 2006. No significant differences were found with Wilcoxon test for a = 0.05, which can be explained as the stands are mature, the species slow growing and the periodical prunings to promote fruit production. The images were orthorectified and georeferenced in ENVI 4.8 (ENVI 2009). The Rational Polynomial Coefficients (RCP) model was used to orthorectify the image from the RCP values provided in the images metadata and the digital elevation model used was ASTER GDEM with 30 m resolution. Ground control points were obtained in the field with Global Navigation Satellite System (GNSS) and were used to georeference the images to a local projection system. The resulting Root Mean Square Error (RMSE) was 0.49 m for QuickBird and 0.30 m for WorldView-2. The images digital numbers were converted to Top of Atmosphere (ToA) reflectance. Atmospheric correction with the dark object subtraction method (Chavez Jr 1988) was used to obtain top of canopy reflectance. Object-oriented analysis (Blaschke 2010; Blaschke et al. 2014 ) was used to distinguish between tree species. First, a vegetation mask isolating tree crowns, was generated using the contrast split segmentation in eCognition, version 8.0.1 (Definiens Imaging 2010) based on the Normalized Difference Vegetation Index image (NDVI, Rouse et al. 1973) . Multiresolution segmentation (Baatz and Schape 2000) was then used to split the vegetation mask into different objects. The parameters for this algorithm (scale, shape and compactness) were empirically selected in order to prevent isolated single tree crowns of average size to be split into multiple objects. These parameters affect the resulting objects, with: (1) scale defining the size; (2) shape being related to the texture homogeneity; and (3) compactness relating with geometrical compactness. Shape and compactness have complementary parameters, non-user defined, that are respectively colour and smoothness. The sum of each pair of values (shape and colour, compactness and smoothness) equals one (Definiens Imaging 2010). The selected value for scale parameter was 4 for the Quickbird image and 2 for the Worldview-2 image. Shape parameter was very low for both images, near the allowed minimum, and compactness values were high, near the allowed Fig. 1 Location of the study areas (dark grey) and Alentejo (light grey) maximum. A low shape parameter value means that colour, the complementary parameter, has more weight in the definition of objects. The high values of compactness relate directly with tree crowns having generally compact geometry. The classification of the resulting objects per tree species was executed with the nearest neighbour algorithm in Weka 3.8.0 software (Frank et al. 2016) . The rule set considered in classification process is based on the descriptive statistics (minimum, maximum, mean and standard deviation) of the bands (Blue, Green, Red and NIR) and on the vegetation indices (EVI, SAVI, NDVI and SR).
Each image was divided in a square grid: 45.5 9 45.5 m (2070.25 m 2 , corresponding to 65 by 65 image pixels) for Mora and 45 9 45 m (2025 m 2 , corresponding to 90 by 90 image pixels) for Alcácer do Sal. The plot's size is similar to that used in a sparse forest of Crimean juniper by Ozdemir (2008) which used circular inventory plots of 25 m of radius (1963 m 2 ), for modelling with QuickBird satellite images. The vegetation mask per specie was used to determine composition and crown cover per grid. If only one specie was present, the grid was considered monospecies and multispecies otherwise. Crown cover (CC, defined as the percent value of the trees' crown horizontal projection in relation to the grid area) was calculated with ArcGIS version 10 (ESRI, 2014). For forest inventory purposes crown cover was aggregated in three strata: (1) 10-30%; (2) 30-50%; and (3) [ 50%. A random stratified sampling by proportional allocation was used in the forest inventory in both areas.
The forest inventory data set, surveyed in 2011 in Mora and in 2013-2014 in Alcácer do Sal, is composed of 145 plots (total sampled area of 29.4 ha). The inventory plots are: 17 monospecies of holm oak (QR), 24 monospecies cork oak (QS), 23 multispecies cork and holm oak (QRQS, named from this point forward evergreen oaks), 32 monospecies of umbrella pine (PP) and 49 multispecies of cork oak and umbrella pine (QSPP). In the plots for all individuals with a breast height diameter of 6 cm or greater for the evergreen oaks and 5 cm for umbrella pine, diameter at breast height, total height and crown radii in 4 directions (North, South, East and West) were measured (Avery and Burkhart 1994) . Each tree geographical location was recorded by GNSS, which allowed its identification in the satellite images. The allometric functions of Paulo and Tomé (2006) were used to calculate the aboveground biomass for cork oak and holm oak trees while those of Correia et al. (2008) were used for umbrella pine (Table 1) . Aboveground biomass per hectare was calculated as the sum of aboveground biomass for all the trees per grid, scaled to the hectare.
Statistical analysis
Ordinary least square linear regression through the origin (Eq. 1, where b is the slope) was used to fit the functions of aboveground biomass (AGB) with crown cover (CC) as independent variable. Plot composition was defined in two ways ( Fig. 2: (1) crown cover per specie; and (2) as dummy variables. For each dummy variable (d), 1 indicates that the plot is cork oak (dQS), holm oak (dQR) or umbrella pine (dPP) monospecies, cork oak and holm oak (dQSQR) or cork oak and umbrella pine (dQSPP) multispecies, and 0 otherwise. The functions with CC and the dummy variables as independent variables were fit with multiple linear regression using stepwise method with AIC as selection criteria (Eq. 2, where a and b are the regression coefficients, d the dummy variables, i = QR, QS, PP, QRQS, QSPP, j = dQR, dQS, dPP, dQRQS, dQSPP). Variance inflation factor (VIF) was used to analyse multicolinearity among explanatory variables, considering that VIF [ 10 was indicative of serious multicoliniarity (Legendre and Legendre 2012; Sheather 2009 ). The models statistical properties were evaluated with the sum of squares of the residuals (SQR), the coefficient of determination (R 2 ) and the adjusted coefficient of determination (R aj 2 ) as suggested by Burkhart and Tomé (2012) and Pretzsch (2009) . Any model validation should be done with an independent data set. Alternatively, when that is not possible re-sampling or jackknifing methods can be used. In this study validation was done by fitting iteratively the model n times with all the observations minus one. According to Paulo et al. (2015) this method assures the independence of the observations used to calculate of the residuals from those used to fit the model. The PRESS residuals, computed as the difference of the observed and estimated biomass, are used as a cross-validation statistic (Myers 1986; Clutter et al. 1983) , that improves the reliability in the assessment of accuracy contrary to subset data which can overestimate it (Lu et al., 2016) . The models' validation was tested for bias with the mean of the PRESS residuals (Eq. 3, where PRESSrm is the mean PRESS residuals, y the observed value,ŷ the estimated value, i the number of the observation, and n the total number of observations) and precision with the mean of their absolute values (PRESSram, Eq. 4), complemented by the analysis of the 5th and 95th percentile of the PRESS residuals (Paulo et al. 2015) . Plotting the studentised residuals against the estimated values was used to evaluate graphically the heteroscedasticity associated with the error term. Normal Quantile-Quantile plots (QQ-plots) and Shapiro-Wilk normality test, for a probability level of 0.001, were employed to assess the normality of the studentised residuals (Myers 1986; Montgomery and Peck 1982) . Complementary, model accuracy was evaluated by the mean error (error, Eq. 5) calculated as the percentage of the estimated and calculated aboveground biomass per plot (Kuyah et al. 2012) . The relative root mean square error (RMSE r , Eq. 6) was calculated to enable the comparison between of the results of this study with those referred in literature (e.g. Hyvönen et al. 2005) . The AGB was calculated for an area with the developed functions for the grid size of each forest inventory plot and for grids with the following sizes: 1000, 1500, 2500, 3000, 5000 and 10,000 m 2 . As normal distribution for the calculated AGB was not met (assessed with KolmogorovSmirnov normality test) Wilcoxon comparison test was used to examine the differences for aboveground estimation between the different grid sizes. The level of significance was 0.05. R statistical software (R Development Core Team 2012) was used in the statistical analysis. 
Results and discussion
Satellite image analysis
The multi-resolution segmentation and object-oriented classification results for the two areas, Mora (cork and holm oak) and Alcácer do Sal (cork oak and umbrella pine), are shown in Fig. 3 . When trees are close to each other, the shadow makes the boundary between them unclear, originating non crown pixels to be classified as crown (Ke and Quackenbush 2011) .
Typical of Mediterranean systems are the diffuse boundaries between different land uses and stand species composition which makes the classification more difficult (Massada et al. 2012 ). According to Ozdemir (2008) with high spatial resolution satellite images, such as QuickBird, the detection in a sparser forest where many tree crowns do not touch each other, is easier and possible to acquire the crown horizontal projection of individual trees. Similar results were attained in this study. The images dates, in the summer (June and August), corresponding to the dry period, minimised the effect of the herbaceous vegetation confounding influence (Nguyen et al. 2015; Wu et al. 2013 ). The spectral response for cork oak, holm oak and umbrella pine are sufficiently different to provide a good classification. The identification and delimitation of tree crowns was easier for umbrella pine when compared with the two oaks since reflectance variation within crowns was smaller and the crown has, most of the times, a very regular almost circular shape. Inversely, the holm oak and cork oak have a wide reflectance range within crowns and are more irregularly shaped with large visual similarities between them. Nonetheless their spectral signature is sufficiently different to allow a good classification. The aforementioned was corroborated by the agreement between the classification and ground truth evaluated with the Kappa statistic (Stehman 1996; Congalton et al. 1983) . For Mora the classification between holm oak and cork oak resulted in 90% of true positive for the former and 87% for the latter. In spite of the similar results there are more cork oaks classified as holm oaks than the opposite. For Alcácer do Sal the true positive between umbrella pine and cork oak were 98 and 74%, respectively. The segmentation and classification processes were assessed (for a level of significance of 0.05) with Spearman's Rho correlation coefficient and RMSE r (Eq. 6) for each plot. The crown horizontal projection area measured in the field was compared with the crown horizontal projection attained by the segmentation and classification process. For monospecies plots of holm oak, cork oak and umbrella pine Spearman coefficient was highly significant (0.88, 0.76 and 0.96, respectively) and RMSE r of 39, 32 and 37%, respectively. A similar trend was obtained for the multispecies plots of holm and cork oaks and of cork oak and umbrella pine, with highly significant correlations (0.78 and 0.90, respectively) and RMSE r of 38 and 19%. The differences between field and the satellite image data are mainly due to tree crown overlapping, segmentation errors where the canopy cover is not perfectly delimitated and classification errors that may shift canopy area from one specie to another.
Aboveground biomass functions
The variability between plots is quite large (Table 2) . This is the reflection of the variability in the plots structure and tree spatial arrangement and, consequently, growing space area. The reduction of variability for CC is observed when the trees are in open growth (Oliver and Larson 1996) . When canopy closure occurs, usually in patches, crown shyness takes places (Schütz 1997) , inverting the relation between the crown horizontal projection and the AGB.
In spite of the variability observed positive correlations between AGB and CC are found for all plots (0.676), stronger for monospecies plots of holm oak (0.836), cork oak (0.717), and for multispecies plots of cork oak and umbrella pine (0.824); while for monospecies plots of umbrella pine (0.658) and multispecies plots of evergreen oaks oak (0.611) are weaker. These results are in accordance with the results of several authors (e.g., Lu 2006; Lu et al. 2016 ).
In Fig. 4 it can be observed the variability of CC in relation to AGB per plot composition. It increases with the increase of both variables and has a linear trend per plot composition. The species ecological behaviour and the stems spatial distribution can, at least partially, explain it. All species are shade intolerant and the adult trees have weak epinastic control (Mutke et al. 2012; Correia and Oliveira 1999) , resulting in large crowns especially if trees are in free growth. Nonetheless, the behaviour of the three species is different (Table 2) . Monospecies plots of holm oak have more trees with smaller dimensions than cork oak, with smaller mean quadratic diameter (d g ) 34.2, 41.1 cm Where N is the number of trees per hectare, G the basal area per hectare, CC the crown cover calculated with satellite data and AGB the above ground biomass per hectare and mean and maximum crown diameter (cd m and cd max ) 6.7, 7.0 m and 13.3, 20.7 m, respectively. Thus, in average, cork oak trees are larger than holm oak trees, which will also be reflected in the AGB. Umbrella pine monospecies plots have the highest number of trees and basal area per hectare (Table 2) , d g , cd m and cd max (45.0 cm, 8.6 and 23.3 m, respectively). The different stand structures and tree dimensions are also reflected on the median AGB per plot (Table 2 ) and per tree, for holm oak, cork oak and umbrella pine monospecies plots (0.72 t, 0.61 t and 0.45 t, respectively). This probably explains the differences in the relation between CC and AGB of the three species. Noteworthy, is also the variability between the different components of AGB. While for the oaks the wood, bark and crown biomass have similar proportions per tree (55, 16 and 29% for cork oak, and 51, 17 and 32% for holm oak), umbrella pine biomass is concentrated on the crown (67%), followed by the wood (29%) and bark (4%). Thus, the relation between CC and AGB is similar for the two evergreen oaks but different for umbrella pine. Correia et al. (2008) refer that, for 40 umbrella pine trees, the proportion of each component was 45% for branches, 41% for wood, 8% for needles and 5% for bark. The mean values of this study have similar proportions for needles (9%) and bark (4%), but larger values for branches (58%) and smaller for wood (29%). The differences are probably related to the wider variation in number of trees per hectare and the smaller variation in the basal area per hectare of Correia et al. (2008) study.
From the fitted functions (Table 3 ) with all plots, M3 (Eq. 7) has the worst statistical properties. Comparing the function with crown cover per specie as independent variables (M2, Eq. 8) with M3 there is a reduction of SQR (-37%) an increase of R 2 and R aj 2 . Also, improvements are observed in the validation statistics. The best statistical properties are attained when plot composition is added as dummy variables (M1, Eq. 9) when compared to M2 and M3. From M3 to M1 there is a reduction of SQR (-42%) and an increase of R aj 2 of more than 5.3%. The lowest bias and the highest accuracy are attained by M1, while the precision is similar for the three functions. The linear functions for the monospecies plots of holm oak, cork oak, and multispecies plots of cork oak and umbrella pine have more bias and less precision than those for all plots. Conversely, the functions for the evergreen oaks multispecies plots and for umbrella pine monospecies plots have larger bias and similar precisions to the all plot functions (M4 to M8, Table 2 ). RMSE r , ranging from 23.3% to 40.5%, was smaller than the attained for the volume estimation (58-134%) and basal area (46-53%) by Hyvönen et al. (2005) . Ozdemir (2008) attained a higher accuracy than those of this study for volume estimation for a pure Crimean juniper forest (RMSE r 12.5-15.2%), but with lower R aj 2 (0.51-0.67), probably explained by a higher homogeneity of the stand. Kuyah et al. (2012) for AGB functions with crown area as explanatory variable for several tree species in agroforestry systems attained R 2 between 0.846 and 0.925, which is consistent with the results of this study.
For M1 and M2 are not expected multicolinearity effects as VIF for all the explanatory variables in each function is lower than 2.8. The analysis of the studentised residuals of M1, M2 and M3 do not show systematic variations, the graphics of normal probability approach a straight line though with some deviation at the extremities (Figs. 5, 6, 7), Where CC is the crown cover, QR Quercus rotundifolia, QS Querus suber, PP Pinus pinea and d the dummy variable Fig. 5 Graphic of studentized residuals a and of graphics of normal probability, b for M1 Fig. 6 Graphic of studentized residuals a and of graphics of normal probability, b for M2
and 2025 m 2 for Alcácer do Sal. Crown cover was calculated for each grid and AGB calculated with M1 for the forest grids, the non forest grids correspond to non forest areas. AGB per grid was then group in 25 t classes (Fig. 8) .
Aboveground biomass estimation with varying grid area Aboveground biomass was calculated with all functions for 2320 ha for Mora and 1300 ha for Alcácer do Sal. When comparing the median for the different grid sizes for both areas it can be observed a decrease in CC Fig. 7 Graphic of studentized residuals a and of graphics of normal probability, b for M3 Fig. 8 Illustration of aboveground biomass estimation with function M1 for a forest area with evergreen oaks of Mora (a) and with umbrella pine and cork oak of Alcácer do Sal (b) from 1000 to 10,000 m 2 , more stressed for Mora than for Alcácer do Sal, but the latter with larger interquartile ranges (Fig. 9) . Nonetheless, no significant differences were found for CC between plot sizes and grids of 3000 m 2 and 5000 m 2 for both areas, grids of 2500 and 3000 m 2 for Mora and grids C 1500 m 2 for Alcácer do Sal (all, p [ 0.05). As expected these differences in CC were also reflected in AGB (Fig. 10) . Considering both areas for M1 no significant differences were found between plot size and 5000 and 10,000 m 2 (W = 35,064,452, p = 0.780 and W = 17,890,681, p = 0.103, respectively); for M2 between plot size and 2500, 3000 and 5000 m 2 (W = 67,654,635, p = 0.102, W = 57,569,207, p = 0.678 and W = 35,794,178, p = 0.05, respectively); for M3 significant differences were found for all grid sizes tested (all, p \ 0.05). For Mora significant differences for M1 and M2 were observed between plot size and all grid sizes tested, except for 3000 m 2 (W = 21,966,710, p = 0.297) in the former and 1500 m 2 (W = 42,161,831, p = 0.329) for the latter, while for M3 no significant differences were found for 2500 and 3000 m 2 (W = 25,665,332, p = 0.817 and W = 22,013,049, p = 0.210, respectively). For Alcácer do Sal no significant differences were found between plot size and all grid sizes tested for M1, M2 and M3, except for 10,000 m 2 for M2 (W = 2,557,327, p = 0.020) and for 10,000 m 2 for M3 (W = 24,947,998, p = 0.004).
From the above results it can be said that M1 can be used to estimate AGB, for all stand compositions, with grids with the area of the inventory plots with M1, M2 and M3, of 5000 and 10,000 m 2 with M1 and between 2500 and 5000 m 2 with M2. For the evergreen oak stands, either monospecies or multispecies, for M1 with grids of 3000 m 2 , for M2 1500 m 2 and for M3 of 2500-3000 m 2 . For monospecies umbrella pine stands and multispecies cork oak and umbrella pine stands for all grid sizes for M1, M2 and M3, except for 10,000 m 2 for M2 and for 1000 m 2 for M3. This different behaviour of CC and AGB per grid size is probably related with the variability in space of stand species composition and CC, especially those related to silvicultural practices and competition, as suggested by Massada et al. (2012) and Kuyah et al. (2012) .
Conclusions
Aboveground biomass estimation can be attained with very high spatial resolution remote sensing data generated by multi-segmentation and object-oriented classification methods. These methods detect the different spectral signatures of cork oak, holm oak and umbrella pine with good global precisions.
In general, all fitted functions have good statistical properties. The function with dummy composition variables (M1) has the lowest bias and highest accuracy when compare with the function with crown cover per specie as explanatory variables (M2). Thus, for forest areas of holm oak, cork oak and umbrella pine, M1 is considered the best function to evaluate or monitoring these forest areas. The main advantages of these functions are that they enable the evaluation of all the area without requiring any extrapolation method, suited to the high spatial variability of stands in agroforestry systems; can be used at varying spatial (from local to regional level) and temporal (with time intervals from less than 1 year to decades) scales, enabling short time cycle surveying and monitoring of the forest stands; and can be used in both monospecies and multispecies stands of holm oak, cork oak and umbrella pine, managed as agroforestry systems.
The aboveground biomass should ideally be estimated with grids with the same areas as those of the inventory plots of this study (2070.25 or 2025 m 2 ). Nonetheless similar accuracies can be attained for M1 for: all grid sizes tested for umbrella pine monospecies, and cork oak and umbrella pine multispecies stands; for 3000 m 2 for the evergreen oaks both monospecies and multispecies stands; and for 0.5 and 1 ha for areas with the three species.
The biomass functions developed with data derived from very high resolution satellite images, such as those of this study, have been used to validate and assess the accuracy of data attained from medium and low spatial-resolution satellite images (Leboeuf et al. 2007; Lu 2006; Thenkabail et al. 2004) . The data derived from very high spatial resolution satellite images can also be used in combination with other remote sensing data such as medium and coarse spatial resolution, with light detection and ranging (LiDAR) and ancillary data to develop biomass functions (Liu et al. 2018; Zaki and Latif 2017; Lu et al. 2016; Li et al. 2014; Khaleghi et al. 2013; Lu 2006) . The aforementioned can be used to develop functions for freely available satellite images with improved accuracy.
